ABSTRACT Human peripheral blood lymphocytes are stained with the metachromatic dye acridine orange and the fluorescence of individual cells is measured by flow cytometry. The relative content of stainable RNA per cell is estimated by comparison with RNase-treated cells. Non-T and T lymphocytes have different mean quantities of RNA per cell, and these classes exhibit different distributions of RNA content. Non-T cells have a unimodal distribution with a sharp peak and exponential distribution towards higher RNA values. T cells have a bimodal distribution with two separate peaks. When T cells having receptors for IgG (T., cells) and IgM (T,, cells) are separated, each of these cell populations displays a unimodal distribution. Of these three lymphocyte subpopulations,T, cells have the lowest content of RNA per cell. Non-T cells have slightly higher RNA content than Ty, and T,, cells have twice as much RNA as T cells. The RNA content, which surely relates to the different functions of these lymphocyte subpopulations, may also be a useful marker for rapidly distinguishing the lymphocyte subpopulations.
Although immunologic functions of thymus-derived (T) and bone marrow-derived (B) lymphocytes are very different, their morphologic features are remarkably similar (1, 2) . These cell populations are indistinguishable by light microscopy and share a number of cytochemical properties. Differences, however, can be ascertained at the membrane level through analysis of immunologic markers (3, 4) . For example, human T lymphocytes consist of at least two subpopulations, namely cells having receptors either for IgG (To) or for IgM (T,), as described recently (5, 6) . These two subpopulations, although clearly functionally different, have thus far been indistinguishable by morphological and cytochemical criteria.
Applying the recently developed flow cytometric technique for simultaneous staining of cellular DNA and RNA (7, 8) we presently describe differences between non-T and T cells and between T cell subpopulations based on the content of stainable RNA per cell. Flow cytometry, which permits rapid analysis of many cells, makes possible analysis of the variations among cells within subpopulations (9, 10) . The present report represents an effort to use this methodology to further characterize the lymphocyte subpopulations.
MATERIALS AND METHODS
Isolation of Lymphocytes. Mononuclear cells (sample I) were separated from 50 cm3 of heparinized blood of healthy donors by a Ficoll/Hypaque flotation method, as previously described (11, 12) . Cells were washed thrice with 0.9% NaCl, resuspended in RPMI-1640 medium (Grand Island Biological Co., Grand Island, NY) containing penicillin (100 units/ml),
The costs of publication of this article were defrayed in part by the payment of page chargesd This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. streptomycin (100 ,ug/ml), and 20% fetal calf serum, and incubated 30 min at 370 after addition of carbonyl iron particles. Following centrifugation on a Ficoll/Hypaque gradient, density 1.077 g/ml, the cell pellet consisted of monocytes phagocytizing carbonyl iron. The nonphagocytizing cells of the interface were washed thrice in saline (sample II). Fewer than 1% of the cells from the interface were peroxidase positive.
Purification of T Lymphocytes. T lymphocytes were purified from non-T cells by rosetting (one hour, 40) with sheep erythrocytes and separated on a Ficoll/Hypaque density gradient (30 min, 200 X g). The T cells were 90-97% pure as determined by rosette formation with sheep erythrocytes. Cells of this population lacked surface immunoglobulins as ascertained by staining with polyvalent (Fab')2 antiserum to human immunoglobulin (Cappel Laboratories, Cochranville, Pa.).
More than 98% of the cells were viable as determined by trypan blue dye exclusion. Non-T cells were removed from the interface of the Ficoll/Hypaque gradient. Sheep erythrocytes attached to T cells were lysed by incubation for 6 min at 370 with Tris buffer containing 0.83% ammonium chloride (sample III). The same incubation was done with non-T cells (sample IV). Cells were then washed thrice in saline.
T Cell Subpopulations. T cells were resuspended in RPMI-1640 medium containing penicillin (100 units/ml), streptomycin (100 Ag/ml), and 20% fetal calf serum at a concentration of 2 X 106 cells per ml. These cells were cultured at 370 in a humidified incubator with 5% C02/95% air for 20 hr. At the end of the incubation, cells were washed thrice in phosphatebuffered saline and resuspended at a concentration of 4 X 106/ml (sample V). More than 98% of cells were viable as tested by trypan blue dye exclusion. Cells were then assayed for TM, and T7 subpopulations as previously described (12) .
Antibodies to Ox Erythrocytes. These antibodies were prepared as described elsewhere (13 Table 1 ). The peak value of non-T cells is slightly higher than that of the first peak of T cells. (17, 18) . More detailed description of the instrument and the computer data-handling system is given elsewhere (9, 17 (Fig. 1, upper row) . Large differences were observed among normal-individuals, expressed as variations in the respective heights of-the peaks. The variations observed from person to person are illustrated in Fig. 1 , which shows representative samples from three individuals. Measurements of isolated T cells (sample III; Fig. 1 , second row) also display a bimodal distribution, while non-T cells (predominantly B cells, sample IV) have a unimodal distribution with a low value, a sharp peak, and an exponential shape towards higher values (Fig. 1, third row) . In this respect, the shape of the non-T cell RNA histograms is uniform in samples from all individuals. In all samples the non-T cells have higher F>6oo values than the median of the first T-cell peak, as indicated by the vertical line in Fig. 1 .
The bimodal shape of RNA histograms of T cells indicates at least two T cell subpopulations ( Fig. 1 and 2 ). When T7 and T. cell subpopulations are separated (Fig. 3) The histograms shown in Fig. 2 and 3 (Table 1) . No difference, however, is found between TM, and T.y cells ( Table 2 ). The coefficient of variation of these measurements is 4-6%. Proc. Nati. Acad. Sci. USA 75 (1978) (19) . T, and Ty have been observed to differ in their sensitivities to prednisolone, ionizing radiation, and influences by thymopoietin (13) . They also manifest different dose-response patterns to phytohemagglutinin and vary in relative proportions in patients with immunodeficiencies (6, 12) . Receptors for IgM and IgG were found on leukemic blast cells with T cell properties (E rosettes) (20) .
In Non-T cells display a unimodal, exponential distribution of RNA with a relatively low mean value. The non-T lymphocytes with higher amounts of RNA probably represent cells responding to antigens; e.g., lymphocytes respond to antigenic stimuli with an increase in cellular RNA content prior to DNA synthesis (7) . Interestingly, the shape of the distribution of non-T cells according to their RNA content is strikingly similar to that reflecting esterase activity in these cells (ref. 22 ; tentatively confirmed in our laboratory). This curve is also similar to that defining the distribution of cells engaged in antibody production (23) .
The bimodal distribution of T cells appears to be a consequence of the presence of two subpopulations of lymphocytes that have different RNA contents. The mean RNA content of T.) lymphocytes is slightly lower than that of non-T cells. TM, Since biochemical evidence suggests that about 80% of the total RNA in each of the cell types is composed of rRNA (24), it appears the present method reveals mostly rRNA, and the total amount of tRNA, heterogeneous nuclear RNA, and mRNA cannot be larger than 20% (14) . It should be emphasized that the content of RNA, as presently detected, may not necessarily be directly correlated with the rate of RNA synthesis, i.e., revealed by [3H]uridine incorporation. The content is a function of the rates of both RNA synthesis and RNA degradation. It is entirely possible that the turnover of RNA varies in lymphocyte subpopulations.
A second parameter, nuclear diameter, also appears to differ between non-T and T cells. Estimation of nuclear size, which can be derived from the green fluorescence pulse width measurement, revealed that non-T cell nuclei are larger than T cell nuclei, but no differences were observed between the sizes of T., and Tz cell nuclei.
The results described herein show that lymphocyte subpopulations can'be identified by a metabolic marker, namely by RNA content. This nonimmunological parameter certainly relates to the immunological functions of these cells and provides, in addition, a new marker for identifying the lymphocyte subpopulations. This marker alone, while it can serve to separate T cell subpopulations, is not adequate to distinguish between Tz and non-T cells. Because T and non-T cell subpopulations are distinguishable by their esterase activity (22) , the combination of these two methods, both of which can be quantified by flow cytometry, should provide a method for separating and analyzing these three lymphocyte subpopulations.
